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(54) Organic EL element 



(57) An organic EL element (1) is provided with: a 
lamination body (6, 6*) having a pair of electrodes (3, 5) 
opposed to each other and an organic luminescent 
material layer (4), which comprises an organic com- 
pound and is interposed between the pair of electrodes, 
for emitting a light from the organic luminescent materia! 
layer by supplying electrons and holes to the organic 
luminescent material layer from the pair of electrodes; 
an airtight container (10) for airtightiy containing the 
lamination body to isolate the lamination body from an 
external atmosphere thereof; and a drying substance 
(8) airtightiy contained in the airtight container and 
spaced from the lamination body in an internal space 
(11) of the airtight container, for absorbing moisture in 
the internal space. The drying substance (8) comprises 
a solid compound which chemically absorbs the mois- 
ture and maintains its solid state even after absorbing 
the moisture. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to an 
organic EL (Electro-Luminescence) element suitably 
used for a display device, a light emission element, etc, 
of apparatuses for various information industries, and 
more particularly to an organic EL element, which can 
maintain a stable light emission property for a long 
period of time. 

2. Description of the Related Art 

The EL element is constructed such that an organic 
luminescent materia! layer is interposed between a pair 
of electrodes opposed to each other. By injecting the 
electrons from one of the electrodes and injecting the 
holes from the other of the electrodes to the organic 
luminescent material layer, the electrons and the holes 
are combined in the organic luminescent material layer, 
so that the EL element emits the light. The EL element 
is superior in the visibility and the endurance against a 
physical shock, and also has a merit of the high variety 
in colors of emitted light from the organic material form- 
ing the organic luminescent material layer, so that it is 
suitably used for a display device and a light emission 
element of apparatuses for various information indus- 
tries, for example. 

On the other hand, the organic EL element has 
such a demerit that, after it has been driven for a certain 
period of time, the light emission properties such as a 
light emission intensity and a light emission uniformity 
are considerably degraded as compared with those at 
the initial state. One of the reasons for this degradation 
of the light emission properties is that the moisture, 
which has been absorbed on a surface of a constitu- 
tional part of the organic EL element, and the moisture, 
which has invaded into the organic EL element, invades 
through a defect etc. of the surface of a cathode into the 
lamination body, which has a pair of electrodes (i.e. the 
cathode and anode) and the organic luminescent mate- 
rial layer interposed therebetween, so that the detach- 
ment between the organic luminescent material layer 
and the cathode is caused. As a result, a so-called dark 
spot, i.e. a spot of the light emission portion, which does 
not emit the light because the electricity is not supplied 
thereto, is generated. 

Therefore, it is necessary to decrease the humidity 
in the internal of the organic EL element so as to pre- 
vent the generation of the dark spots. 

In order to prevent the interna! of the organic EL 
element from becoming a high humidity condition, there 
is proposed one method, which has such a construction 
that a scaling layer and a protection layer including a 
drying agent are disposed at the external of the lamina- 
tion body of the cathode, the organic luminescent mate- 



rial layer and the anode (Japanese Patent Application 
Laying Open NO. Hei. 7-169567). There is also pro- 
posed another method, which has such a construction 
that the lamination body of the pair of electrodes 

5 opposed to each other and the organic luminescent 
material layer interposed therebetween is accommo- 
dated in an airtight case, and that drying means com- 
posed of phosphorus pentoxide (P2O5) is accomodated 
in the airtight case and is spaced from the lamination 

10 body, so that the lamination body and the drying means 
are midair-sealed in the airtight case (Japanese Patent 
Application l_aying Open NO. Hei. 3-261091). 

However, the above mentioned organic EL element, 
which has the construction that the sealing layer and the 

13 protection layer including the drying agent are directly 
laminated on the external of the lamination body (Japa- 
nese Patent Application Laying Open NO. Hei. 7- 
169567). a leak current and a cross-talk can be easily 
generated because of the formation of the protection 

20 layer, so that it considerably degrades the light emission 
property. 

On the other hand, the above mentioned organic 
EL element, which has such a construction that the lam- 
ination body and the drying means composed of P2O5 

25 are accommodated in the airtight case (Japanese Pat- 
ent Application Laying Open NO. Hei. 3-261091), 
although it does not have such a problem that the leak 
current or the cross-talk is easily generated, P2O5 
absorbs the moisture in the atmosphere and is dis- 

30 solved into the absorbed water (deliquescence), so that 
phosphoric acid is generated, which badly influences 
the lamination body. Further, since the method of 
enclosing the drying means composed of P2O5 into the 
airtight case is extremely limited, this organic EL ele- 

35 ment is not practical. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 

40 provide an organic EL element, in which the generation 
of the leak current or the cross-talk is restrained, which 
has the drying means harmless for the organic EL ele- 
ment and is easily handled at the time of enclosing the 
drying means, and which can maintain a stable light 

46 emission property for a long period of time. 

The above object of the present invention can be 
achieved by an organic EL element provided with: a 
lamination body having a pair of electrodes opposed to 
each other and an organic luminescent material layer. 

so which comprises an organic compound and is inter- 
posed between the pair of electrodes, for emitting a light 
from the organic luminescent material layer by supply- 
ing electrons and holes to the organic luminescent 
material layer from the pair of electrodes; an airtight 

55 container for airtightly containing the lamination body to 
isolate the lamination body from an external atmos- 
phere thereof; and a drying substance airtightly con- 
tained in the airtight container and spaced from the 
lamination body in an internal space of the airtight con- 
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tainer, for absorbing moisture in the internal space. Tiie 
drying substance comprises a solid compound which 
chemicaily absorbs the moisture and maintains its solid 
state even after absorbing the moisture. 

According to the present invention, the solid com- 
pound, which chemically absorbs the moisture and 
maintains its solid state even after absorbing the mois- 
ture, is used for the drying substance, in the construc- 
tion of the organic EL element in which the drying 
substance and the lamination body are airtightly con- 
tained in the airtight container such that the drying sub- 
stance is spaced from the lamination body in the 
internal space. 

Thus, since the moisture is chemicaily absorbed, 
the solid compound of the drying substance does not 
discharge the moisture, which has been once absorbed, 
to the internal space of the airtight container even at a 
high temperature. As a result, the growth of the dark 
spot of the organic EL element can be sufficiently 
restrained. On the contrary to this, if the solid com- 
pound, which physically absorbs the moisture such as 
silica gel, is used to absorb the moisture, the drying 
substance certainly discharges the moisture, which has 
been once absorbed, to the internal space of the airtight 
container, at a high temperature. As a result, the growth 
of the dark spot of the organic EL element cannot be 
sufficiently restrained. 

Further, since the solid compound of the drying 
substance maintains its solid state even after absorbing 
the moisture, the drying substance does not badly influ- 
ence the lamination body even after absorbing the mois- 
ture. Namely, the solid compound certainly prevents the 
high humidity condition from occurring in the organic EL 
element so as to prevent the generation of the leak cur- 
rent and the cross-talk, and does not cause the leak cur- 
rent or the cross-talk even after absorbing the moisture. 
On the contrary to this, if the drying substance is com- 
posed of a compound which liquefies after absorbing 
the moisture, although it works in its initial state, it will 
badly irrfluence the organic EL element after liquefying 
in the container. 

Furthermore, since the solid compound is certainly 
in a solid state at the time of enclosing it into the airtight 
container, the handling at the time of enclosing the dry- 
ing substance is rather easy, and various enclosing 
methods may be employed. On the contrary to this, if 
the drying substance is composed of a compound, 
which liquefies after absorbing the moisture, or a liquid 
compound from its original state, the handling at the 
time of enclosing the drying substance is rather difficult, 
and the enclosing method is quite limited in a practical 
sense. 

Consequently, the generation and growth of the 
dark spots can be surely restrained after driving it for a 
certain period of time, and the stable light emission 
property can be maintained for a long period of time, 
according to the present invention. 

In one aspect of the present invention, the lamina- 
tion body further has an electron supplying layer and a 



holes supplying layer laminated on the pair of elec- 
trodes for respectively supplying the electrons and the 
holes. 

According to this aspect, the electron and the holes 
5 can be reliably supplied to the pair of electrodes, so that 
the light can be reliably emitted from the organic lumi- 
nescent materia! layer. 

In another aspect of the present invention, the air- 
tight container is provided with: a sealing case, in which 
10 the drying substance is disposed; a transparent sub- 
strate, on which the lamination body is disposed and 
which covers the sealing case; and a sealing agent for 
airtightly bonding the transparent substrate to the seal- 
ing case. 

15 According to this aspect, the reliable airtight condi- 
tion of the airtight container can be obtained by use of a 
rather simple construction, and the production proce- 
dure of the organic EL element can be simplified. 

In another aspect of the present invention, the inter- 

20 nal space of the airtight container is filled with inert gas. 
According to this aspect, the drying substance, 
which is spaced from the lamination body in the internal 
space of the airtight container, can be certainly isolated 
from the lamination body by the existence of the internal 

25 space filled with the inert gas. 

In the present invention, the solid compound of the 
drying substance may comprise an alkaline metal oxide 
compound, an alkaline earth metal oxide compound, 
sulfate, metal haiide, perchlorate or an organic sub- 

30 stance. In this manner, various kinds of solid com- 
pounds can be employed in the present invention, as 
long as they have the property to chemically absorb the 
moisture and maintain its solid state even after absorb- 
ing the moisture. 

35 The nature, utility, and further features of this inven- 
tion will be more clearly apparent from the following 
detailed description with respect to preferred embodi- 
ments of the invention when read in conjunction with the 
accompanying drawings briefly described below. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an organic EL 
element as an embodiment of the present inven- 
ts tion; and 

FIG. 2 is a partial cross-sectional view of a modified 
lamination body of the organic EL element of FIG. 
1. 

50 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the accompanying drawings, embodi- 
ments of the present invention will be now explained. 
55 In FIG. 1 an organic EL element 1 as an embodi- 
ment of the present invention is provided with: a glass 
substrate 2; a lamination body 6 comprising an ITO 
electrode (i.e. ln203:Sn film electrode) 3. an organic 
luminescent material layer 4 and a cathode 5; a glass 
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sealing case 7; a drying substance 8; and a sealing 
agent 9. 

Although the lamination body 6 comprises three 
laminated layers i.e., the ITO electrode 3, the organic 
luminescent material layer 4 and the cathode 5 in FIG. s 
1, the lamination body 6 may further comprise a hole 
supplying layer 21 and an electron supplying layer 22 in 
addition to those three layers, and that those layers may 
comprise multiple layers, to be a lamination body 6' hav- 
ing a construction as shown in FIG. 2. io 

in FIG. 1, more concretely, the ITO electrode 3, the 
organic luminescent material layer 4 and the cathode 5 
are laminated in this order on the glass substrate 2 to 
form the lamination body 6. The drying substance 8 is 
disposed in the glass sealing case 7 such that the dry- is 
ing substance 8 is spaced from the lamination body 6. 
The lamination body 6 and the drying substance 8 are 
enclosed in an internal space 1 1 of an airtight container 
10 composed of the glass substrate 2 and the glass 
sealing case 7, which are airtightly bonded to each 20 
other by the sealing agent 9. 

The internal space 11 of the airtight container 10 is 
filled with dried inert gas to isolate the drying substance 
8 from the lamination body 6. The drying substance 8 
comprises a solid compound, which chemically absorbs ss 
moisture and maintains its sold state even after absorb- 
ing the moisture. 

As such a solid compound of the drying substance 
8, as long as it chemically absorbs moisture and main- 
tains its solid state even after absorbing the moisture, 30 
any solid compound can be used here. 

For example, an alkaline metal oxide compound, an 
alkaline earth metal oxide compound, sulfate (sul- 
phate), metal halide (halogenide), perchlorate and an 
organic substance are available as such a solid com- 35 
pound of the drying substance 8. 

As the alkaline metal oxide compound, sodium 
oxide (Na^O) and potassium oxide (KgO) are available, 
for example. As the alkaline earth metal oxide com- 
pound, calcium oxide (CaO), barium oxide (BaO) and 40 
magnesium oxide (MgO) are available, for example. 

As the sulfate, lithium sulfate (U2SO4), sodium sul- 
fate (Na2S04), calcium sulfate (CaS04), magnesium 
sulfate (MgS04), cobalt sulfate (C0SO4), gallium sulfate 
(032(804)3), titanium sulfate (Ti(S04)2) and nickel sul- 45 
fate (NiS04) are available, for example. The anhydrides 
of these sulfates are preferably employed here. 

As the metal halide, calcium chloride (CaCy, mag- 
nesium chloride (MgCy, strontium chloride (SrClg), 
yttrium chloride (YCI3), copper chloride (CuCy, cesium so 
fluoride (CsF), tantalum fluoride (TaFs), niobium fluoride 
(NbFs), calcium bromide (CaBr2), cesium, bromide 
(CsBrs), selenium bromide (SeBr4 ), vanadium bromide 
(VBr2), magnesium bromide (MgBr2), barium iodide 
(Bay and magnesium iodide (Mgig) are available, for ss 
example. The anhydrides of these halides are prefera- 
bly employed here. 

As the perchlorate, barium perchlorate (63(0104)2) 
and magnesium perchlorate (Mg(CI04)2) are available, 



for example. The anhydrides of these perchlorates are 
preferably employed here. 

Further, other than the above described inorganic 
compounds, the organic substance is also available for 
the drying substance 8. However, in case of the organic 
substance, the property is still required to chemically 
absorb moisture and maintain its solid state even after 
absorbing the moisture. 

As a method of enclosing the drying substance 8 in 
the airtight container 10, a method of consolidating the 
above explained chemical compound to be a solid com- 
pound formed in a predetermined shape and setting this 
solid compound in the glass sealing case 7, a method of 
packing the above explained chemical compound into 
an air-permeable bag and fixing the bad in the glass 
sealing case 7, a method of preparing a partition in the 
glass sealing case 7 and enclosing the above ©cplained 
chemical compound into this partition, and a method of 
forming a film of the above explained chemical com- 
pound, by a vacuum-vapor deposition, a spattering, a 
spinner-coating and so on, on the internal surface of the 
glass sealing case 7, are available, for example. 

As explained above, since the drying substance 8, 
which has the property to chemically absorb moisture 
and maintain its solid state even after absorbing the 
moisture, is used for the organic EL element 1 , handling 
at the time of enclosing the drying substance 8 into it is 
rather easy, and a more simple or functional enclosing 
method can be employed. 

Concrete examples of the present embodiment will 
be explained hereinbelow. 

1 . First Example 

As the drying substance 8, the barium oxide (BaO) 
is used, and the organic EL element 1 having the struc- 
ture shown in FIG. 1 is constructed as a first example. 
The drying substance 8 is enclosed in the glass sealing 
case 7 by fixing the drying substance 8 on the internal 
surface of the glass sealing case 7 by use of a bonding 
agent. 

Right after enclosing the drying substance 8. a 
magnified photograph of a light emission portion of the 
organic EL element 1 is taken by a magnification of 50 
times. 

Nextly, after keeping this organic EL element 1 at a 
temperature of 85 "0 for 500 hours, the magnified pho- 
tograph of the light emission portion of the organic EL 
element 1 is taken in the same manner as right after 
enclosing. 

By observing and comparing those two magnified 
photographs, the growth of dark spots is hardly 
observed. 

2. Second Example 

As the drying substance 8, in place of the barium 
oxide (BaO) in the first example, the calcium oxide 
(GaO) is used. Other than that, the organic EL element 
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1 is constructed and the magnified photographs (right 
after enclosing and after keeping it at the temperature of 
85 for 500 hours) are taken in the same manner as 
the first example. 

As a result, the growth of dark spots is hardly 
observed, 

3. Third Example 

As the drying substance 8, in place of the barium 
oxide (BaO) in the first example, the calcium sulfate 
(CaS04) is used. Other than that, the organic EL ele- 
ment 1 is constructed and the magnified photographs 
(right after enclosing and after keeping it at the temper- 
ature of 85 ^'C for 500 hours) are taken in the same 
manner as the first example. 

As a result, the growth of dark spots is hardly 
observed. 

4. Fourth Example 

As the drying substance 8, in place of the barium 
oxide (BaO) in the first example, the calcium chloride 
(CaCy is used. Other than that, the organic EL element 
1 is constructed and the magnified photographs (right 
after enclosing and after keeping It at the temperature of 
85 °G for 500 hours) are taken in the same manner as 
the first example. 

As a result, the growth of dark spots is hardly 
observed- 

5. Comparison Example 

As the drying substance 8, in place of the barium 
oxide (BaO) in the first example, the silica gel is used. 
Other than that, the organic EL element 1 is constructed 
and the magnified photographs (right after enclosing 
and after keeping it at the temperature of 85 °C for 500 
hours) are taken in the same manner as the first exam- 
ple. 

As a result, it is observed that the growth of dark 
spots is remarkable. 

As described above in detail, according to the 
present embodiment, the drying substance 8 has the 
property to chemically absorb moisture and maintain its 
solid state even after absorbing the moisture, and since 
this drying substance 8 is enclosed in the airtight con- 
tainer 10 in such a manner that the drying substance 8 
is isolated from the lamination body 6, which comprises 
the pair of electrodes opposed to each other and the 
organic luminescent material layer interposed therebe- 
tween, by the internal space 1 1 filled with the inert gas. 
Thus, the drying substance 8 after absorbing the mois- 
ture dose not badly influence the organic EL element 1 , 
and the handling at the time of enclosing the drying sub- 
stance 8 is rather easy. Further, since the generation of 
the leak current and the cross-talk is certainly 
restrained, the stable light emission property can be 
maintained for a long period of time. 



The invention may be embodied in other specific 
forms without departing from the spirit or essential char- 
acteristics thereof. The present embodiments are there- 
fore to he considered in all respects as illustrative and 
5 not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing 
description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 

10 

Claims 

1 . An organic EL element (1 ) comprising a lamination 
body (6, 6') comprising a pair of electrodes (3. 5) 

15 opposed to each other and an organic luminescent 
material layer (4), which comprises an organic com- 
pound and is interposed between said pair of elec- 
trodes, for emitting a light from said organic 
luminescent material layer by supplying electrons 

20 and holes to said organic luminescent material 
layer from said pair of electrodes, characterized in 
that said organic EL element (1) further comprises: 

an airtight container (10) for airtightly contain- 
25 ing said lamination body (6, 6*) to isolate said 

lamination body from an external atmosphere 
thereof; and 

a drying substance (8) airtightly contained in 
said airtight container and spaced from said 

30 lamination body in an internal space (11) of 

said airtight container, for absorbing moisture 
in the internal space, said drying substance 
comprising a solid compound which chemically 
absorbs the moisture and maintains its solid 

35 state even after absorbing the moisture. 

2- An organic EL element according to claim 1 , char- 
acterized in that said lamination body (6*) further 
comprises an electron supplying layer (22) and a 
40 holes supplying layer (21) laminated on said pair of 
electrodes (3, 5) for respectively supplying the elec- 
trons and the holes. 

3. An organic EL element according to claim 1 or 2, 
45 characterized in that said airtight container (10) 

comprising: a sealing case (7), in which said drying 
substance (8) is disposed; a transparent substrate 
(2), on which said lamination body (6. 6*) is dis- 
posed and which covers said sealing case; and a 
50 sealing agent (9) for airtightly bonding said trans- 
parent substrate to said sealing case. 

4. An organic EL element according to any one of 
claims 1 to 3, characterized in that the internal 

55 space (11) of said airtight corrtainer (10) is filled 
with inert gas. 

5. An organic EL element according to any one of 
claims 1 to 4, characterized in that the solid com- 
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pound of said drying substance (8) comprises an 
alkaline metal oxide compound, 

6. An organic EL element according to any one of 
claims 1 to 4, characterized in that the solid com- s 
pound of said drying substance (8) comprises an 
alkaline earth metal oxide compound. 

7. An organic EL element according to any one of 
claims 1 to 4, characterized in that the solid com- io 
pound of said drying substance (8) comprises sul- 
fate. 

8. An organic EL element according to any one of 
claims 1 to 4, characterized in that the solid com- 15 
pound of said drying substance (8) comprises 
metal halide, 

9. An organic EL element according to any one of 
claims 1 to 4» characterized in that the solid com- so 
pound of said drying substance (8) comprises per- 
chlorate. 

10. An organic EL element according to any one of 
claims 1 to 4, characterized in that the solid com- 25 
pound of said drying substance (8) comprises an 
organic substance. 
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